Abstract
Membrane vesicle trafficking is fundamental to eukaryotic life and plays a regulatory role

54
We quantitatively surveyed the extent of co-localization between the parasite and five 55 markers of endocytic compartments. Freshly isolated Plasmodium yoelii sporozoites were added 56 to Hepa 1-6 cells. After 90 min, cells were fixed, stained, and visualized by 3D fluorescent 57 deconvolution microscopy. We used antibodies against Early Endosome Antigen 1 (EEA1) and 58 Ras-related protein 5 (Rab5) to mark early endosomes, Rab7a to mark late endosomes (LE),
59
Rab11a to mark recycling endosomes and Lysosomal-associated membrane protein 1 (LAMP1) to 60 mark LE/lysosomes. Sporozoites were labeled with an antibody against circumsporozoite protein (CSP) (Fig. 1a) . Intensity based co-localization was used(7) to evaluate the extent of overlap 62 between CSP and staining for each vesicular compartment (Fig. 1a, b) . The Pearson's correlation 63 coefficient between CSP and LAMP1 was ~0.6, but staining did not significantly overlap between 64 CSP and EEA1, Rab5, Rab7a or Rab11a (Fig. 1a, b) . These data are consistent with earlier 65 observations(4, 5). 66 We next assessed the kinetics of co-localization between sporozoites and LAMP1. Hepa1-67 6 cells were infected with P. yoelii sporozoites and fixed after 5 (Fig. 1c), 30 (Fig. 1d) , 60 or 90 68 minutes (Fig. 1e) . LAMP1 structures that co-localized with CSP were observed as early as 5 min 69 and were elongated in the infected cells. These elongated LAMP1 structures were not observed in 70 bystander or unexposed cells. Thus, the association between LAMP1-postive LE/lysosomes and 71 sporozoites occurs during or very soon after infection and is maintained. We observed a very 72 similar association between LAMP1 and CSP in the CT-deficient parasite, PySPECT2 -(8) (Fig. 1e, 
73
S1a and S1b). Our data are consistent with the hypothesis that lysosomes interact with the 74 sporozoite during or very soon after entry, independently of CT.
75
Lysosomes are typically located in juxtanuclear regions of the cell under basal conditions 76 but can be redistributed under times of stress or during infection(9). To evaluate lysosome 77 localization during Plasmodium infection, we infected Hepa1-6 cells with P. yoelli sporozoites 78 and fixed after 15 or 30 min (Fig. 2a) . To assess the quantity and localization of lysosomes within positive structures that were within a region surrounding the nucleus that was delineated by extrapolating the DAPI signal. In unexposed or mock treated samples containing material from the 85 salivary glands of uninfected mosquitoes, ~85% of LE/lysosomes were perinuclear (Fig. 2a) . In 86 infected cells, lysosomes were slightly higher in number (Fig. 2b) , but significantly less 87 perinuclear (Fig. 2c) . Interestingly, bystander cells, which were defined as being immediately 88 proximate to the infected cell, also exhibited an increase in lysosome numbers and redistribution 89 (Fig. 2b, c) .
90
To assess the fate of redistributed lysosomes, we asked if there was evidence of LAMP1-91 vesicle fusion with the hepatocyte plasma membrane in infected cells. We infected Hepa1-6 cells 92 with P. yoelii sporozoites and evaluated total and surface exposed LAMP1 (sLAMP1) by flow 93 cytometry ( Fig. 2d ) and immunofluorescence microscopy ( Fig. S2a) . Both LAMP1 and sLAMP1
94
were elevated in infected cells compared to uninfected and unexposed cells (Fig. 2d) . Interestingly, (Fig. 3a, b) .
118
Fusion between lysosomes and the plasma membrane is mediated by the SNARE complex, (Fig. 3c) Table S1 and Fig. S3C ), significantly increased P. yoelii 134 and T. cruzi infection (Fig. 3d) . In contrast, molecules that reduced lysosome exocytosis or (Fig. 3d) . Overall, changes in P. yoelii and T. cruzi 137 infections were tightly correlated (Pearson Correlation Coefficient = 0.8297) (Fig. 3e) , while other 138 pairwise comparisons were less correlated. Our data suggest that T. cruzi and P. yoelii, but not T. 139 gondii, rely on a lysosome-mediated mechanism to enter the host cell. The extent of these parallels, 140 and ways in which the entry strategies diverge, remains an important area for further investigation.
141
Lysosome exocytosis is induced by the soluble T. cruzi factor Tcgp82(10). We treated 142 sporozoites with FBS to induce secretion and then collected supernatants. We exposed Hepa1-6 143 cells to this sporozoite-derived, secretion-enriched supernatant at different sporozoite:hepatocyte 144 ratios for 90 min. Cells were monitored for lysosome redistribution by 3D fluorescence 145 microscopy ( Fig. 4a, b , S4a) and sLAMP1 by flow cytometry (Fig. 4c) . Treating cells with even 146 low quantities of secretion-enriched supernatant, but not heat-inactivated supernatant, promoted 147 lysosome redistribution (Fig. 4b) , but sLAMP1 was induced in a dose-dependent manner (Fig.   148   4c) . Therefore, sporozoite-induced lysosome redistribution is impacted by different factors, or the 149 same factors at different levels than lysosome exocytosis. These results are consistent with a model 150 where two separate secretion-mediated events induce hepatocyte lysosome redistribution and lysosome exocytosis (Fig. 4d) . Taken together, our data suggest a role for lysosome exocytosis in with well-defined evolutionary relationships, will allow us to obtain a better understanding of the 162 major influences that shape host cell engagement over evolutionary time. The bar graph depicts the mean ± the SD of three independent experiments. h e a t i n a c t i v a t e d s u p e r n a t a n t s e c r e t i o n -e n r i c h e d s u p e r n a t a n t h e a t i n a c t i v a t e d s u p e r n a t a n t s e c r e t i o n -e n r i c h e d s u p e r n a t a n t Vijayan et. al., page 14 
